by infoldings of the plasma membrane. There is some reason to believe that the degree of sodium transport achieved by these cells is related to the extent of the lamellae and to the number of elongated mitochondria packed within them. There may also be at least a partial relationship between these morphological parameters and the steepness of the osmotic gradients that some of these cells accomplish.
For example, cells of the mammalian renal tubule exhibit these morphological features in regions where sodium reabsorption is pronounced but lack them in segments where little sodium transport occurs (8, (16) (17) (18) (19) . Nephrons in other vertebrates and invertebrates capable of producing dilute urine include a cell type similar to that of cells in the ascending pars recta of the mammalian distal tubule (2, 4, IO, 23) . This is the segment of the mammalian nephron that is primarily responsible for creating the osmotic gradient (8). The same kind of cell appears in organs such as the salivary gland, the ducts of which are presumably responsible for the sodium reabsorption that makes saliva hypoosmotic to the blood (2 I).
For the present study it was desirable to find related species that could be expected to exhibit structural and functional adaptations of their kidneys to their particular habitats.
The adaptations should be concerned with the renal handling of salt and water and not with nitrogen.
Three species of lizards were chosen: geckos (Hemidactylus, sp.), horned toads (Phrynosoma corm&m), and Galapagos lizards (Trobidurus, sp.) . Each is fully terrestrial and excretes more than go% of its nitrogenous waste in the form of uric acid. The gecko lives in a Nielsen, unpublished4) showed that urine enters the gecko's cloaca from the ureters as a watery fluid that is hypoosmotic to the blood even when the animal is dehydrated.
This suggests that the cloaca of the gecko, rather than the distal tubule, regulates the water content of this animal's urine. The distal tubule of the gecko, like the pars recta of the mammalian distal tubule, would seem to be rather insensitive to antidiuretic principle. ml/Ioo g body wt, by stomach tube every hour for 3 hr. Urine and blood collections began 3 hr after the last dose of water was administered.
Geckos
Salt was administered successfully only to prehydrated animals and only intraperitoneally.
(Given orally, hypertonic saline produced vomiting and diarrhea. Given intraperitoneally to nonhydrated animals, the hyperosmotic load led to renal shutdown). A 2 M NaCl solution, 0.05 ml/g body wt, administered intraperitoneally to animals previously hydrated with half the usual dose of tap water yielded an immediate rise of 50-1 oo milliosmols/kg HZ0 in plasma solute concentration. The new level maintained itself for the rest of the experiment.
The animals seemed to remain healthy and urine flows were sufficient, probably because the procedure led to a hyperosmotic expansion of the body fluid volume.
On the evening before an experiment, an intraperitoneal injection of inulin-H3 in normal saline (Kew England Nuclear, 0.5 ,c/o.or ml per g body wt) together with 0.01 ml/g body wt of a IO %I solution of unlabeled inulin w~as given. As long as the injection preceded the experiment by about 12 hr, plasma inulin levels were maintained constant to within IO % throughout the experiment which lasted 3-4 hr. The technique apparently provided a slowly absorbable pool of inulin. In the morning, after its cloaca was cleaned of all fecal material, the animal was weighed and a blood sample (I 0-20 ~1) was taken by heart puncture.
Immediately thereafter, the first urine collection began. Since the purpose was to study renal tubular function, urine was collected as it emerged from the ureters and a special effort was made to make sure that it was not modified by actions of the cloaca1 epithelium.
Therefore, a catheter was designed after the cloaca1 anatomies had been studied. A scheme showing how urine flows through the excretory and cloaca1 structures of the three species appears in Fig. IA . As it leaves the kidney, urine passes along the ureters and into the urodeum from openings at the tips of the ureteral papillae. These papillae originate from the sides of the urodeum and point to the coprodeum.
Threads of precipitated uric acid accompany the urine and make its path of flow easy to observe in the intact animal.
The uric acid threads ooze along furrows in the walls of the urodeum and disappear beyond the sphincter into the coprodeum. Only Tropidurus have bladders. Some urine may be reflected into them but it must pass through the urodeum before it can get into the bladders through the bladder ducts.
The catheter is illustrated in Fig. IB with an Advanced flame photometer using lithium nitrate as an internal standard.
Electron Microscopic Studies
Kidneys for morphological studies came from normally hydrated animals that had been starved for less than 2 weeks. Phosphate-buffered glutaraldehyde6 (22) was injected into the posterior peritoneal cavity of the freshly decapitated animal. The kidneys were excised, minced, and fixed for 4-6 hr in ice-cold fixative, rinsed in phosphate buffer, and postfixed at o C in Palade osmium tctroxide solution7 for 30 min to I hr.
Tissues were dehydrated at o C in a graded series of alcohols:
three changes, 5 mm/change, of 70 % and of 95 % ethanol, and four changes, I 5 mm/change, of absolute ethanol.
After soaking the tissue blocks at room temperature in 50 : 50 ethanol-propylene oxide for 30 min, and then in three changes, IO to 20,000 diameters, and were developed for 3-5 min in Kodak D-19 developer.
RESULTS

Physiological Studies
During the dehydration period the weights of the lizards decreased consistently, most sharply among the geckos. The rates of weight loss have been accepted as measures of evaporative water loss since similarly starved but normally hydrated animals lost weight to a negligible degree. At a rate of weight loss of I .5 %/day, geckos (5 animals) had lost an average of I 8 % of body wt at the time of the experiment, whereas horned toads (6 animals) and Galapagos lizards (2 animals) had lost only 4-5 %. This difference in degree of dehydration is reflected in the high osmolality of the plasma of dehydrated geckos (Table I ). The effect of water loading on hemodilution in three horned toads is shown in Fig. 2 . At the time the first urine collection began, the plasma osmolality had decreased by 30-50 milliosmols/kg HzO. Results of the clearance studies are presented in Table  2 . The data show that horned toads resemble Galapagos lizards in nearly every function evaluated, whereas geckos stand in contrast to these two species.
Glomerular junction. The urine flow and the GFR varied in the gecko with the state of hydration.
However, it is remarkable that the urine flow decreased only moderately as a result of the severe dehydration that these animals were exposed to. Water loading, on the other hand, caused an almost IO-fold increase in GFR and urine flow.
By contrast, dehydration depressed urine flow and GFR somewhat more in horned toads and Galapagos iizards than in geckos, whereas water loading had relatively little effect on GFR in the desert species.
Tubular junction. The tubular functions with respect to water and solute are quite different in geckos when compared with horned toads and Galapagos lizards. In normally hydrated geckos, almost 80 % of the filtered water and 85 % of the filtered solutes were reabsorbed. In contrast, the normally hydrated horned toads and Galapagos lizards reabsorbed less than 50 % of the
J. S. ROBERTS AND B. SCHMIDT-NIELSEN filtered water and only slightly more than 50 7% of the filtered solutes.
Osmolal U/P ratios also distinguish geckos from the desert lizards. In every state of hydration, geckos produced dilute urine, the others nearly isoosmotic urine. But the distal tubules of geckos apparently do not regulate the degree of urine dilution, since the osmolal U/P ratio averaged 0.74 f 0.02 for water-loaded, as well as for dehydrated, geckos.
For each species, under the present experimental conditions, sodium and chloride U/P ratios paralleled osmolal U/P ratios, although sodium U/P ratios were somewhat smaller than chloride U/P ratios in the desert species, suggesting that part of the filtered sodium was reabsorbed, either along with some anion other than chloride, or in exchange for a cation that moved into the tubular lumen. This did not appear to happen in the geckos but not enough chloride determinations were made to be certain.
In each of the three species the urine flow rate was proportional to the GFR, showing that tubular regulation of urine flow is minimal.
Water-loaded geckos were the only exceptions: urine flow increased relative to GFR, showing that tubular fluid reabsorption decreases with a water load. The percent of filtered solute reabsorbed decreased correspondingly (Table 2) .
Morphological Studies
Observations were limited to proximal and distal tubules and stressed specializations of the cell surface and the frequency and distribution of mitochondria in the cells.
Proximal tubular cells. In all three species the luminal surfaces of the proximal tubular cells have a brush border (Figs. 3 and 9) . Such brush borders have been found in every vertebrate proximal tubule so far investigated and these were no exceptions. The only difference observed between the three species was the presence of cilia on the luminal surface of the proximal tubular cells in the two desert species (Fig. 4) (13) . It is in the basal region of the proximal cells that characteristic differences are found between the gecko and the two desert species. In the gecko's cells, basal to the large, central nucleus, the cytoplasm is divided into stout processes that resemble amoeboid pseudopods in an early stage of formation (Fig. 3) . These processes direct themselves toward the tubule's basement membrane. The surface of each is studded with long, thin extensions that interdigitate with one another, in a complicated fashion, making a meshwork along the tubule's basement membrane. This structure is quite different from that found in mammals but resembles that observed in bird proximal tubules (Sperber, personal communication).
Elongate mitochondria congregate near the lateral and basal surfaces of the cells but are too large to appear in the thin extensions at the base of the cell.
In proximal cells of the Galapagos lizard and the horned toad, on the other hand, the lateral and basal plasma membranes, except for occasional simple interdigitations at cell interfaces, show no other irregularities (Figs. 4 and 5) . The simplicity of the cell's surface makes it easy to identify desmosomes between adjacent cells (Fig. 4) .
Besides a large, spherical nucleus, each cell contains a small population of randomly scattered, often quite large mitochondria.
There is no tendency for these mitochondria to congregate near the surface of the cells. Distal tubular cells. The luminal surface of the distal tubular cells are rather similar in all three species and similar to that of other vertebrate distal tubular cells. The surface is smooth except for a small number of microvilli (Figs. 8 and 9 ). The basal surfaces of the distal tubular cells differ markedly in the three species. In the gecko, the basal cytoplasm (Fig. 6 ) is divided into processes bounded by the plasma membrane and oriented with their long axes parallel to the apical-basal axis of the cell. The numerous mitochondria are elongated, oriented with their long axes parallel to the apical-basal axis of the cell and congregated in the basal region of the cell, sometimes within cytoplasmic processes. Most of the cytoplasmic extensions, however, are too thin to accommodate mitochondria. In the Galapagos lizard and horned toad, the basal surface shows no infoldings, lamellae, or extending Basal bodi es (cb) of the cilia occur i n the api cal cytoplasm. The cell contains large mitochondria (m), relatively few i n numprocesses ( Fig. 7 and 8 ). There is some distinct interdigitation between adjacent cells but it is neither extensive nor complex (Fig. 8) . Many marine teleosts and invertebrates are able to produce urine that is only slightly hypoosmotic to the p.asma. Because their excretory tubules lack a distal segment, we suppose that if any excretory tubule is to produce dilute urine it must have a distal segment (7, 23 
